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are drawn from yeast, and the
pheromone pathway in particular,
there are numerous studies in
many organisms which together
indicate that this evolvability is
a rule rather than an exception.
These results support an
emerging paradigm that sees the
cell as a collection of hierarchical
modules, the architecture of
which has evolved for both robust
function on time-scales shorter
than evolution and ease of
reconfiguration for new function on
longer time-scales [1,15]. Apart
from the profound implications on
the evolvability of new function
and even new organisms, there
are also ramifications for the
nascent field of synthetic biology.
Synthetic biology seeks to make
the engineering of complex
function in microbes predictable,
cheaper, scalable and more
reliable [16] for applications
spanning pharmaceuticals [17]
to therapeutic bacteria and
viruses [18,19]. If evolution has
forced cellular designs to be
modular and easily rewirable then it
may be possible to exploit this
design for new engineering
purposes. The parsimonious
routes to creating new switching,
memory and controlled diversity
with a natural pathway
demonstrated by Ingolia and
Murrary [3] lend further optimism to
this program.
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Newly described visual interneurons in flies have sophisticated receptive
field properties reminiscent of neurons in the mammalian visual cortex.
The cells are well-suited to compute motion of conspecific females that
male flies aerially intercept.Cole Gilbert
‘‘God in his wisdom made the fly,
and then forgot to tell us why’’
or so wrote Ogden Nash. We do
not know why flies evolved, but
they serve as excellent subjects for
research in visual neuroscience.
In the 1950s, Werner Reichardt [1]began studying motion vision in
insects primarily using house
flies and blow flies. Unlike their
smaller cousin, the fruit fly, these
flies perform spectacular, visually
guided aerial pursuits. Their ability
to visually track and physically
intercept a target at linear
velocities of 2–3 metersper second and angular velocities
of 3000–4000 degrees per second
is simply amazing. How do flies
with their quarter million visual
interneurons [2] accomplish such
feats? Reichardt’s group
developed the correlation model
of motion detection, which
quantitatively explains optomotor
responses of flies in terms of whole
animal behavior and cellular
physiology [3] and is still one
of the best network models in
systems neurobiology. Big flies
remain a vibrant model yielding
exciting results as illustrated by the
new work of Barnett et al. [4],
published recently in Current
Biology.
The new class of
motion-sensitive neurons
Dispatch
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Figure 1. Schematic horizontal section of the fly’s brain.
The retinotopic columnar nature of the four neuropils of the optic lobe is indicated.described by Barnett et al. [4],
small-field ‘small target motion
detectors’, have unusual receptive
field properties that are easier to
understand after introducing the fly
optic lobe and the stages of motion
computation in different neuropils.
The visual system of big flies
begins with a retina containing
some 24,000 photoreceptors per
eye, grouped into approximately
3000 optical units called ommatidia
(Figure 1). The world seen through
compound eyes is pixellated
extremely coarsely, especially
compared to vision of vertebrates
with their single lens eyes.
Diurnal flies, such as the hover
fly studied by Barnett et al. [4],
which are active in sunny habitats
where photons are abundant,
achieve their best acuity by
locally increasing the radius of
curvature of the eye. Flatter
corneas allow higher inter-
ommatidial angles, which impart
the highest spatial acuities that
can be slightly finer than 0.5 cycle
per degree. Six of the eight
photoreceptors of each
ommatidium project axons to
the next underlying neuropil, the
lamina, which maintains the
pixelled retinotopic world view.
In the lamina, visual information
is processed by columns of
a dozen or so neurons. Lateral
and centrifugal connections
spatially and temporally sharpen
the columnar luminance signal,
but no lamina neurons
differentiate visual motion from
flicker.
Seven lamina outputs project to
the next proximal neuropil, themedulla, which is the most
complex optic neuropil, with over
120 cell types of which about 40
repeat in each column [2]. Some
medulla neurons respond slightly
differently to visual motion than
to flicker and some even
demonstrate directional
asymmetries [5], but none is
directionally selective and fully
opponent. Metabolic activity
induced by visual motion
differentially labels neurons in the
most proximal layer [6] where
dendrites of retinotopic output
neurons, bushy T cells, invade
neighboring columns, as would
be expected of cells computing
motion. Their axons project to
direction-selective layers of the
next proximal neuropil, the lobula
plate. Other T cells project to
the lobula. Such columnar
output neurons likely contribute
to retinotopic elementary
motion detectors, although
electrophysiological recordings
from two bushy T4 cells
show little directional
asymmetry [7].
Lobula plate and lobula output
neurons compute many types of
motion from elementary motion
detector inputs. In the lobula plate,
the best-studied neurons are
‘lobula plate tangential cells’,
which comprise about 30 types of
wide-field, fully opponent,
directionally selective neuron [8].
The axons of lobula plate tangential
cells project to similar areas
of the brain as do the newly
described small target motion
detectors. Electrophysiological
studies of conductance [9] andpharmacological studies [10]
demonstrate that excitatory
and inhibitory small-field inputs
are summed retinotopically on
lobula plate tangential cell
membranes to confer fully
opponent directionality in their
classical receptive fields.
Ablation studies have shown
that these wide-field lobula
plate tangential cells contribute
to panoramic optomotor
control [8].
Another class of lobula plate
output neurons comprises the four
‘figure detection’ cells [11], which
are also fully opponent and
directionally selective. They
integrate excitatory and inhibitory
inputs from many small-field,
retinotopically organized cells.
Figure detection cells respond
preferentially to small moving
images stimulating several dozen
ommatidia within their larger
classical receptive field. Within
this receptive field the reduced
response to coherent motion
of extended images derives
from a wide-field GABAergic
neuron [12]. Whether the inhibitory
cell is directly presynaptic
to figure detection cells or
shunts their small-field inputs is
unknown.
The lobula is less well-studied,
but contains several classes of
motion sensitive neurons. One
class is a heterogeneous group of
12 cell types, termed ‘male lobula
giants’. Some do not respond
differentially to moving images, but
others, such as male lobula giant 1
and male lobula giant 2, respond
directionally to motion of small
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high acuity area of the male’s visual
field [13,14]. They also project
axons to the same brain region
as the small target motion
detectors, but their receptive fields
are differently organized. Male
lobula giant 2 is fully opponent,
receiving excitatory and inhibitory
input in its classical receptive field
[13]. Male lobula giant 1,
conversely, is excited by motion in
its preferred direction, but is not
inhibited by motion in the null
direction [13,14].
Barnett et al. [4] have now
described a new class of lobula
output neurons, small target
motion detector cells, which have
very sophisticated receptive fields.
Some are direction-insensitive.
Others are directionally selective,
but not fully opponent. What unites
these cells is: first, that the
classical receptive field is very
small, restricted to excitatory input
from about a dozen ommatidia; and
second, that excitatory images are
end-stopped. Moving objects
extending beyond the classical
receptive field evoke little or no
response, but inhibition by larger
objects does not induce membrane
hyperpolarization. Thus, small
target motion detectors may
receive retinotopic excitatory input
that is already direction selective.
Size-tuning inhibition perhaps
occurs upstream, as may be the
case for lobula plate figure
detection cells and Barnett et al. [4]
develop a model based on
shunting inhibition of small-field
inputs. The model also indicates
small-field, directionally selective
inhibitory inputs to small target
motion detectors. No
hyperpolarization to null direction
motion is mentioned, but such may
not have been evident at the axonal
recording sites.
These receptive field properties
are reminiscent of length-tuned or
end-stopped hypercomplex cells
of the mammalian visual cortex
[15]. Such cells are excited by
images of a certain size moving in
their classical receptive field and
inhibited by larger images.
Length-tuning inhibition occurs on
the membrane of some
hypercomplex cells [16], although
Skottun [17] has argued that
end-stopped properties can bederived from excitation alone. In
the fly lobula there is a dense
feltwork of GABA immunoreactive
fibers at this layer of the small
target motion detectors [18].
The adaptive significance of
mammalian hypercomplex cells
detecting end-stopped features
may be object segregation,
though some researchers argue
that such features are rare in
natural scenes [19]. Adaptive
significance of end-stopped cells
may be clearer for hover flies.
Males hover and visually detect
females flying against a relatively
stationary background. Elegant
behavioral experiments [20]
demonstrate that a female’s
angular subtense of about one
degree triggers a male’s successful
interception course. One degree
would just fill the visual field of
a single ommatidium and the
receptive field of small target
motion detectors is an order of
magnitude larger. Nevertheless,
excitation of such a cell would
provide input to the brain region
where dendrites of premotor
descending neurons arborize.
More research is necessary
to fully elucidate the lobula
network that confers receptive
field properties of small target
motion detectors, but the new
results provide a critical link in
understanding how the fly
visual system segments a natural
scene to produce adaptive
behavior.
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